become more vulnerable to wildfire as climate change enhances the length and severity of the 23 fire season. Recent research suggests that high water table positions after wildfire are critical to 24 limit atmospheric carbon losses and enable the re-establishment of keystone peatland mosses (i.e. 25
Sphagnum). Post-fire recovery of the moss surface in Sphagnum-feathermoss peatlands, 26 however, has been shown to be limited where moss type and burn severity interact to result in a 27 water repellent surface. While in-situ measurements of moss water repellency in peatlands have 28 been shown to be greater for feathermoss in both a burned and unburned state in comparison to 29
Sphagnum moss, it is difficult to separate the effect of water content from species. Consequently, 30
we carried out a laboratory based drying experiment where we compared the water repellency of 31 two dominant peatland moss species, Sphagnum and feathermoss, for several burn severity 32 classes including unburned samples. The results suggest that water repellency in moss is 33 primarily controlled by water content, where a sharp threshold exists at gravimetric water 34 contents (GWC) lower than ~1.4 g g -1 . While GWC is shown to be a strong predictor of water 35 6 To address this critical knowledge gap, we sought to determine: 1) whether there were 108 significant interactive effects of water content with burn status and species on the degree of 109 water repellency in peatland moss/soil samples; 2) whether prolonged saturation decreased the 110 degree of water repellency of burned feathermoss peat; and 3) whether moisture retention 111 characteristics of burned and unburned feathermoss and Sphagnum peat varied significantly and 112 thus infer how differences in moisture retention might manifest under in-situ conditions. For the 113 first objective, we hypothesized that the effect of low moisture content, feathermoss species, and 114 burning on near-surface peat water repellency was additive and that this combination would 115 exhibit the greatest degree of water repellency. For the second objective, we hypothesized that 116 prolonged saturation would lead to a decrease in the severity of water repellency. 117 118
Methods 119

Study area and water repellency sampling 120
Sphagnum (Sphagnum fuscum) and feathermoss (Pleurozium schreberi) samples were collected 121 that moss/peat structure could be maintained while having a thin sample which could dry in a 134 relatively uniform manner. Treatments comprising both burn severity and species were defined 135 similar to Lukenbach et al. (2015) . There were five treatments consisting of burned and unburned 136
Sphagnum fuscum (hereafter B.Sph and Sph, respectively), burned and unburned feathermoss 137 (hereafter B.FM and FM, respectively), and burned hollows (B.Hol). B.Hol generally 138 corresponds with higher burn severity where we were unable to determine the pre-fire moss 139 cover. B.Sph corresponds with light burn severity where Sphagnum capitula are singed but have 140 not been fully consumed by combustion. For our first research objective, ten samples were 141 collected for each of the five treatments (n=50). For our second research objective, 50 samples of 142 burned feathermoss were collected in order to test whether saturation (see section 2.2) had a 143 significant effect on the persistence of water repellency. A larger sample size was chosen for the 144 second objective because there has been no previous research that we are aware of on which to 145 make an a priori assumption of effect size. We focused on feathermoss only for the second lab 146 experiment because field-based measurements of Kettridge et al. (2014) , as well as initial results 147 from the first lab experiment had shown that water repellency in burned feathermoss was high, 148 while that for burned Sphagnum was comparatively quite low. 149
Water drop penetration time 150
Water drop penetration time (WDPT) tests were undertaken on intact samples in the laboratory 151 every 24 h. Distilled water was dispensed using a pipette held just above the peat sample surface 152 8 and 10 equally sized water drops applied (Fig. 1) Samples were transported from the field and allowed to air dry at constant temperature and 158 humidity (20° C, RH=65%) until constant mass was reached. Prior to saturation, an initial air-dry 159
WDPT test was carried out on all samples to provide a baseline water repellency value. 160
Subsequently, all samples were saturated for 48 hours. Following saturation, samples were, 161 again, air dried in a growth chamber at constant temperature and humidity (20° C, RH=65%). 162
WDPT tests were undertaken every 24 hours until constant mass was reached for three 163 consecutive daily measurements, after which samples were oven-dried for 48 h at 65° C. Sample 164 dry weights were used to calculate gravimetric water content (GWC). A final WDPT test was 165 undertaken following oven drying. Prior to each WDPT test, samples were weighed on a digital 166 balance with 0.01 g precision. 167
Moisture retention 168
Moisture retention was measured for ten samples for each burn state and species. Samples 169 consisted of the top 0.06 m of moss/peat, and were collected in 0.098 m diameter PVC pipe. A 170 sharpened PVC tube was inserted into the moss surface, where scissors were used to cut around 171 the periphery when necessary. Once inserted to a depth of 0.06 m, the moss/peat was undercut 172 with scissors, with the bottom of the sample secured in place with cheesecloth. Samples were 173 frozen for transport and storage. Prior to moisture retention measurements, samples were thawed 174 and saturated in deionized water for 48 hr. Moisture retention was determined using a ceramic9 plate vacuum extractor, with an air entry tension of 1000 mbar. 
Statistics and curve fitting 188
We used classification analysis to determine what water content threshold best separated the data 189 into two groups, one with relatively high water repellency, and the other with low water 190 repellency. The optimal split point (GWC threshold) was determined based on the partitioned 191 data which had the smallest total sum of squared residuals, where the respective group means of 192 the partitioned data was used to evaluate residuals. A Monte Carlo approach was used to quantify 193 the uncertainty in the GWC threshold value. The threshold identification procedure was repeated 194 500 times, where each iteration used a random sample consisting of ~66% of the original sample. conditions, we recognize that GWC thresholds identified within this study may be specific to the 212 drying rate used in the experiment. Assuming a homogenous sample, during the drying process it 213 is not possible for the water content to be uniform with depth unless the pore-water tension is in 214 equilibrium with the humidity inside of the growth chamber. Even under steady-state conditions, 215 a small pressure gradient would exist within the sample, proportional to the thickness of the 216 sample. Our drying experiment used a single, fixed relative humidity and we measured both 217 weight and water repellency through time even though the water content profile was not in 218 steady state. To try and minimize the effects of non steady-state conditions, our samples were 219 exposed at both ends to allow evaporation from both the top and bottom of the sample. 220
Moreover, we chose a relatively thin sample size of 0.05 m to limit water content gradients 221 within the sample, while simultaneously keeping the moss/peat structure intact. While a high 222 relative humidity would further ensure relatively small water content gradients within the 223 sample, the maximum sustainable relative humidity we were able to maintain given our 224 experimental setup was 70%. 225
Results 226
Water drop penetration time and gravimetric water content 227
The degree of water repellency was affected by species, burn status, water content, and their 228 interactions. Following saturation and free drainage, no degree of water repellency was observed 229 in any sample for at least 48 hr of drying ( hydrophobic, throughout the drying process. For feathermoss, the burned treatment had a greater 233 proportion of higher water repellency compared to the unburned treatment ( Fig. 2) , where 234 average WDPT category for B.FM and FM were 2.52 and 2.25, respectively. The difference was 235 greatest for the 3 cm samples, where average WDPT for B.FM and FM were 2.74 and 2.08, 236 respectively ( Fig. 3) . Meanwhile, Sphagnum samples had lower average WDPT for burned 237 (1.24) and unburned (1.39) samples compared to feathermoss. In the case of severe burning (i.e. 238 B.Hol), while water repellency was not particularly strong, water repellency appeared to decrease 239 noticeably with depth (average WDPT at: 0 cm = 1.45; 3 cm = 1.12; 6 cm = 1.04). This 240 contrasted with the other burned treatments which had slightly higher water repellency with 241 depth (Fig. 3) . 242
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The increased water repellency over the drying experiment ( state -species, and depth on average WDPT. Table 1 shows that all three fixed factors have a 256 significant effect on WDPT. The fixed-factor coefficients of the linear model show that burn 257 state -species has a greater influence on WDPT than depth (Table 2) . While the coefficient for 258 GWC is of a similar magnitude to the depth factor, GWC is a continuous rather than categorical 259 variable. Consequently, GWC has an effect size that is an order of magnitude larger than depth 260 (i.e. GWC ranges from ~0-10 g g -1 ), and is thus comparable to the effect size of burn state -261 species. Despite the smaller influence of depth on WDPT compared to the other two fixed 262 factors, the interaction of depth and burn state -species is significant (Table 1) , where direction 263 of change in WDPT with depth is variable and large in some cases (Table 2) . 264 13
Effect of saturation on water repellency of burned moss 265
Overall, saturation had a small, diminishing effect on the degree of water repellency. Based on 266 the large sample size of the second lab run, pre-saturation air-dry samples of B.FM were wetter, 267 with roughly twice the GWC compared to post-saturation air-dry samples (Fig. 6) . If water 268 content was the only controlling factor on water repellency, pre-saturation air-dry samples 269
should have been less water repellent compared to air-dry post-saturation B.FM samples. 270
However, the results show the opposite, where the mean pre-saturation air-dry water repellency 271 classification was 4.4 with a mean GWC of 0.016 g g -1 compared to a mean post-saturation air-272 dry water repellency classification of 3.3 and a mean GWC of 0.008 g g -1 . Figure 6b shows that 273 the difference in air-dry GWC pre-and post-saturation follows a strong (R 2 =0.87) linear relation 274 with a slope significantly different than one (t 49 = -20.35, p < 2E-16). In fact, the pre-saturation 275 air-dry mean water repellency classification was roughly equal to the mean value after oven 276 drying, post-saturation (Fig. 6a) . 277 Figure 7 shows that, on a gravimetric basis, there is an apparent distinction between the water 279 retention of Sphagnum and feathermoss, where differences between species are larger than 280 differences based on burn state. A simple power function fit (see Methods) provided a good fit to 281 GWC-ψ curves (R 2 of 0.92 to 0.99). Based on the fitted curves, the tension at which B.FM was 282 estimated to reach a GWC of 1.4 g g -1 was 300±54 mbar (95% confidence interval). For all other 283 treatments, estimated tensions were >>1000 mbar, with confidence intervals of roughly equal 284 magnitude. Figure 7b shows the same water retention data, but on a volumetric basis. 
Water retention of burned and unburned moss 278
Discussion 297
Water content threshold to water repellency in moss and peat 298
We show that water content is a controlling factor on water repellency in moss and peat and that 299 there was a threshold-like response of water repellency to GWC, where both Sphagnum and 300 feathermoss samples in either a burned or unburned state became water repellent at a GWC less 301 than 1 -3 g g -1 . While all treatments exhibited some degree of water repellency, the magnitude 302 Herein, feathermoss lawns exhibit an increase in WDPT at depth (Fig. 3) . Feathermoss does not 320 possess the same moisture holding properties as Sphagnum mosses and, as such, would not have 321 high surface moisture (Fig. 7-8 large differences in water repellency, after accounting for water content effects (Table 1 and 2),  330 between peatland moss species is striking, especially when considered in conjunction with the 331 contrasting water retention properties of these mosses (Fig. 7) . 332 and feathermoss is more water repellent in a burned compared to an unburned state. Although 357 not directly comparable to our results (Fig. 3) , Kettridge et al. (2014) found that the field-based 358 average water repellency of burned Sphagnum was greater than unburned Sphagnum, albeit the 359 absolute difference between burned and unburned Sphagnum was small in both their and our 360 study. Field measurement results from other studies could be explained by differences in water 361 content. For a given tension our results (Fig. 7) indicate that unburned Sphagnum has a greater 362 GWC than burned samples (see also Thompson and Waddington, 2013) as well as other 363 treatments, and is therefore less likely to be water repellent, all else being equal. Others have 364
shown that there are significant spatio-temporal differences in near-surface water content 365 associated with burn state -species (Lukenbach et al., 2016). While such differences can easily 366 be measured, accounting for within-site differences in bulk density which tends to be small and 367 
Implications for recovery and resiliency 381
Sphagnum is a keystone species in peatlands, and is the primary species responsible for peatland 382 carbon storage (Yu, 2012) . Following wildfire, the ecological succession of groundcover in 383 continental bogs and poor fens is characterized by early pioneer species less than five years post- represents a negative feedback to water loss. Under water-limiting conditions, where the 426 magnitude of near-surface tension is greater than the height above water table, Kettridge and 427 Waddington (2014) showed that surface resistance rapidly increased with tension for burned 428 moss surfaces, which would thereby shutdown surface evaporation. In the short term, the 429 dynamic of water conservation by water repellent surfaces, such as burned feathermoss, 430 combined with the potential for greater water table rise with rainfall may act to increase water 431 availability to low-lying areas within a peatland, thus facilitating recovery in areas that were in a 432 low microtopographic position pre-fire or burned deeply. 433
Conclusion 434
Water content is a key determinant of water repellency in peatlands, where the degree of water 435 repellency exhibits a threshold-like increase at gravimetric water contents less than 1.4 g g -1 in 436 both Sphagnum and feathermoss peat. The prevalence of such water contents under field 437 conditions is likely to be closely associated with the water retention functions of different moss 438 species (i.e. Sphagnum vs. feathermosses). In particular, our results suggest that water repellency 439 in peatlands would directly coincide with the presence of feathermosses, regardless of burn 440 status, because 1) feathermoss-derived peat characteristically has a high degree water repellency 441 and 2) feathermosses exhibit poor water retention, resulting in low water contents under field 442 conditions and thus a high degree of water repellency. In contrast, Sphagnum mosses and peat 443 intrinsically exhibit a low degree of water repellency and are more effective at retaining water on 444 a gravimetric basis, decreasing the likelihood of water repellency under field conditions. 445
Wildfire, while playing a smaller role than water content and moss species in determining water 446 repellency, enhances peatland water repellency. This results from: 1) decreasing the ability of 447 21 mosses to retain water (Fig. 6) ; and 2) the likely alteration of organic compounds present in peat 448 (cf. Doerr et al, 2000) . The latter appears to be related to heating, based on an enhancement in 449 water repellency following oven drying, but an understanding of this mechanism requires further 450 research. Perhaps the largest influence wildfire has on peatland water repellency, however, is the 451 combustion of centimeters to decimeters of water repellent feathermoss, which can expose 452
underlying Sphagnum peat that is rarely water repellent under field conditions (e. 
